Background/Aims: To describe the long term results of cases of cataract extraction combined with either Molteno implant insertion or trabeculectomy for primary open angle glaucoma. Methods: This prospective case series followed cases which had cataract extraction and Molteno implant insertion (45 eyes) or trabeculectomy (94 eyes) followed up for a mean of 5.3 years and 3.9 years respectively. Results: Cataract extraction and Molteno implant insertion or trabeculectomy controlled the intraocular pressure at 21 mmHg or less with a probability of 1.00 (95% CI 0.93 to 1.00) at 10 years or more after operation and 0.94 (95% CI 0.89 to 0.99) and 0.73 (95% CI 0.46 to 0.99) at five and 10 years after operation respectively. Conclusions: Cataract extraction combined with insertion of Molteno implants or trabeculectomy controlled the intraocular pressure in 100% (45/45) and 94% (88/94) of cases respectively.
H istorically, cataract extraction has been combined with iridencleisis, trephination, sclerectomy, and thermal sclerostomy. 1 These procedures are associated with an increased complication rate and the hypotensive effect is less predictable. With advances in surgical technique there has been renewed interest and more widespread acceptance of simultaneous surgery, the modern day ''gold standard'' of which is phacotrabeculectomy.
Two recent reviews highlight a relative lack of controlled studies regarding this subject, 2 3 however the weight of evidence indicates that phacotrabeculectomy may be associated with poorer long term intraocular pressure (IOP) control compared with trabeculectomy alone, but it reduces the frequency and magnitude of early IOP spikes compared with cataract extraction alone.
This report describes the surgical technique and results obtained following cataract extraction combined with insertion of Molteno implant 4 (45 cases) or trabeculectomy (94 cases) for primary open angle glaucoma at Dunedin Hospital, New Zealand between 1986 and 2001.
PATIENTS AND METHODS
The Otago Glaucoma Surgery Outcome Study has been previously described. 5 6 Case selection Cases with co-existing primary open angle glaucoma and visually significant cataract which had combined cataract and glaucoma surgery at Dunedin Hospital between 1986 and June 2001 were identified from the computerised database of the Otago Glaucoma Surgery Outcome Study. Cataract extraction was combined with trabeculectomy, except in cases with additional risk factors or where a higher complication rate was expected from trabeculectomy, wherein a Molteno implant was inserted (see Table 1 ). Phacoemulsification replaced extracapsular surgery as the standard technique for cataract extraction in 1993.
Surgical technique

Cataract extraction combined with insertion of Molteno implant
The 5/0 polyglycolic acid (Vicryl) (Ethicon Inc, Johnson & Johnson, Somerville, NJ, USA) tie technique was used in all cases. A fornix based flap of Tenon's tissue and conjunctiva was raised to expose one or two superior quadrants of the sclera followed by raising of a half thickness scleral flap extending from the line of insertion of the recti to the limbus. Double-plate drains (10 eyes) were sutured to the sclera posterior to the flap either side of the superior rectus muscle, with single-plate drains (35 eyes) being sutured to either the nasal or temporal side of the muscle. The anterior chamber drainage tube was occluded by tying a Vicryl suture around its exterior, where it joined the plate of the implant. This tube was then trimmed to a 45˚bevel facing forward. At this stage, cataract extraction with intraocular lens implantation was carried out by either standard extracapsular or phacoemulsification techniques. Extracapsular extraction was achieved via a limbal incision extending in one direction circumferentially from the scleral flap (ECCE implant). Phacoemulsification was performed via a clear corneal section or scleral tunnel remote from the scleral flap (phaco implant). After placement of the intraocular lens, closure of the eye and reformation of the anterior chamber, the operation was concluded by inserting the trimmed drainage tube into the anterior chamber via a self-sealing track produced by the tip of a 22 gauge needle inserted through the limbal tissues under the scleral flap.
Cataract extraction combined with trabeculectomy
In cases of trabeculectomy combined with extracapsular cataract extraction (ECCE-trab), either a limbus based or fornix based conjunctival flap was fashioned. A scleral flap (approximately 464 mm) was prepared and the corneoscleral incision extended either side of the flap. After nucleus expression, cortex aspiration and intraocular lens insertion, three or four sutures were placed either side of the scleral flap. A full thickness block of trabecular tissue was excised and a peripheral iridectomy was performed. Two 10/0 nylon sutures were placed at the posterior margin of the scleral flap, and the conjunctiva and Tenon's tissue closed in one or two layers with 8/0 silk or Vicryl. Phacotrabeculectomies (phacotrab) were performed via one or two sites. For all two site procedures phacoemulsification and intraocular lens insertion was completed via a corneal or scleral section, following which the trabeculectomy was carried out as described above via a limbus or fornix based conjunctival flap. For single site surgery, phacoemulsification, and intraocular lens insertion was first completed via a scleral tunnel, the lip of which then formed the posterior extent of the scleral flap. The trabeculectomy then proceeded in the standard fashion as previously described.
Early postoperative management
All patients were seen the day after operation when the IOP was measured and hypotensive medication adjusted to control the IOP. Topical steroids were given four times daily in all cases for several weeks until the eyes were white and quiet. Seven phaco-trab eyes showed signs of excessive bleb fibrosis and were treated by administration of oral prednisone, diclofenac, and colchicine for four weeks. 7 8 
Adjustment of hypotensive medication
For patients with Molteno implants, once the drainage tube opened any miotics were discontinued and hypotensive medications adjusted to maintain the IOP in the normal range.
Definition of end points
Intraocular pressure
The preoperative IOP for each eye was taken as the mean IOP in the month before surgery. Postoperatively IOP was taken as the mean for each postoperative year. In 16 eyes where more than a year elapsed between postoperative visits, intervening values were interpolated.
''Control'' was defined as a persistent IOP of 21 mmHg or less with or without hypotensive medication. ''Failure'' was defined as a persistent IOP of more than 21 mmHg, repeat drainage operation, or total loss of vision due to complications of the Molteno implant or trabeculectomy.
Visual fields
Progressive loss of visual field was taken to be any definite reduction in visual field area or extension towards fixation of a paracentral fixation that was due to glaucoma. The degree of loss was determined by comparing scores from visual fields plotted near the operation with those plotted at the latest follow up visit.
Visual acuity
The preoperative visual acuity for each patient was taken as the best corrected visual acuity recorded in the month prior to surgery. The postoperative visual acuity was taken as the best visual acuity for each postoperative year.
Analysis methods
Survival methods were used to analyse both the probability of retaining vision and the probability of implant failure. In these analyses censoring was at the last follow up visit for patients who had not experienced an event. Survival curves were calculated using all 139 eyes and estimated the survival probabilities of a randomly selected eye from 122 patients. Survival curves based only on the first eye treated did not differ from those based on all eyes by more than 4% at any time point. Confidence intervals (CI) and p values were based on data for the first eye treated in each patient which eliminated the effects of the correlation introduced by those patients who underwent bilateral operations. p Values were based on the log rank statistic and CI were calculated using Greenwood's formula. 9 
RESULTS
Molteno implant insertion was combined with cataract extraction in 45 eyes of 43 patients (ECCE implant: 37 eyes; PHACO implant: 8 eyes). Cataract extraction combined with trabeculectomy was performed in 94 eyes of 79 patients (ECCE-trab: 38 eyes, phaco-trab: 56 eyes). Postoperative follow up in the implant group ranged from 0.3 to 13.4 (mean 5.3) years, and in the trabeculectomy group from 0.1 to 14.4 (mean 3.9) years.
Preoperative patient characteristics are shown in Table 1 . There were significantly more eyes which had undergone previous trabeculectomy or had corneal guttata in the implant group (p(0.001 and p,0.0000 respectively). There were no significant differences in other risk factors, age at operation, gender distribution, preoperative IOP, number of hypotensive medications, length of follow up, or visual acuity between the two groups.
Operative and postoperative complications
The postoperative course was generally smooth following all types of procedure. Cataract extraction combined with implant insertion produced a moderate reduction in IOP lasting for 1-7 days, after which the IOP returned to preoperative levels until the Vicryl tie broke down and drainage started approximately five weeks (range 3-7 weeks) after operation. The onset of drainage produced no subjective symptoms and was detected by a fall in IOP and the presence of distended blebs over the plates of the implants. 
Operative complications
Operative complications included two posterior capsule tears, one with associated vitreous loss in the phaco implant series. There were no complications related to the trabeculectomy or implant component of any procedures.
Early postoperative complications and surgical reinterventions
Early postoperative complications included hyphaema, anterior chamber shallowing, choroidal detachment associated with varying degrees of hypotony, IOP spikes greater than 30 mmHg, and iris prolapse. There were no significant differences in the nature or incidence of these complications between the implant or trabeculectomy group or different techniques of cataract extraction.
One flat anterior chamber following a phaco-trab was reformed with viscoelastic.
Acute elevation of IOP to more than 30 mmHg was noted in one patient following an ECCE-trab and two following a phaco-trab on the first postoperative day. In one eye, aspiration of viscoelastic was subsequently performed, and normalisation of IOP occurred after a short course of hypotensive therapy in the other cases.
Iris prolapse, which required repositing and peripheral iridectomy, occurred in one patient following ECCE-trab. Diplopia, which spontaneously resolved after two months, occurred in one eye following ECCE implant. No suprachoroidal haemorrhages occurred. Intraocular lens exchange was performed in one eye following phaco implant.
Threatened primary bleb failure
Seven patients who had undergone cataract extraction combined with trabeculectomy showed signs of primary bleb failure and were treated with combined administration of oral prednisone, diclofenac, and colchicine. 7 8 All cases responded well, with reduction in bleb inflammation and the establishment of diffusely spreading blebs with good control of IOP assisted by bleb needling in one case.
Later surgical intervention (.6 months postoperatively)
Later intraocular procedures included penetrating keratoplasty (five eyes), further filtration/implant surgery (two eyes), laser posterior capsulotomy (10 eyes) and removal of a fibrous membrane anterior to the intraocular lens (two eyes).
Of the five eyes requiring penetrating keratoplasty, one had undergone a phaco-trab and was successfully treated by keratoplasty combined with insertion of an implant. Of the four cases that had undergone ECCE drains, two had undergone previous trabeculectomy. Of the two cases in which corneal graft was performed after combined cataract implant surgery, one case had pre-existing cornea guttata while the corneal decompensation in the second followed catastrophic circulatory collapse associated with major abdominal surgery 12 months after operation.
Visual field
There were no significant differences between the two groups in terms of area of visual field remaining at the time of operation (table 1) or in presence of progressive field loss which was recorded in 10 of 45 (22%) implant eyes and 18 of 88 (20%) trabeculectomy eyes.
Visual acuity
The preoperative visual acuity in both groups ranged from 1/ 60 to 6/3-6/9. Postoperative visual acuities improved in both groups to 20/35 in the implant group and 20/30 in the trabeculectomy group at one year. Subsequently, a progressive decline in visual acuity in both groups occurred, with mean acuities at 10 years of 20/50 and 20/60 in the implant and trabeculectomy groups respectively.
Intraocular pressure
Preoperatively there was no significant difference in mean IOP or number of hypotensive medications between the two groups. In the implant group the mean IOP was 15.04 mmHg on 0.93 medications at the end of the first year postoperatively falling progressively to 12.4 mmHg on 0.43 medications by 10 years. In the trabeculectomy group the mean IOP was 15.39 mmHg on 0.14 medications at the end of the first year postoperatively and remained between 14.5 and 16.7 mmHg on 0.3 to 0.37 medications for the next nine years.
In the implant group, IOP control was achieved in all cases with no hypotensive medication required at one, two, and five years in 21%, 54%, and 59% respectively. In the trabeculectomy group, IOP control was achieved in 88 eyes (94%) with no hypotensive medications required at one, two, and five years in 90%, 78%, 64% respectively.
Trabeculectomy failure occurred in 6/94 eyes (6.4%). After 10 years, the estimated control rate was 1.0 and 0.73 in the implant and trabeculectomy groups respectively. Control of IOP was significantly better after insertion of Molteno implants compared with trabeculectomy (p,0.03). See Figure 1 .
DISCUSSION
This study compared the results of cataract extraction combined with insertion of a Molteno implant or trabeculectomy in 45 and 94 eyes respectively with primary glaucoma. Cataract extraction combined with Molteno implant insertion using the Vicryl tie technique was shown to be a safe operation with a low incidence of operative and postoperative complications that gave good long term control of IOP in all cases. All patients were followed up prospectively, which reduced uncertainty resulting from selective attendance and incomplete follow up.
Operative and postoperative complications
The incidence of complications was low, with no significant differences in their nature or frequency between the two groups. Figure 1 Kaplan-Meier curves showing the probability that the intraocular pressure will be controlled at 21 mmHg or less after cataract extraction combined with either Molteno implant insertion or trabeculectomy. Each ''tick'' represents a censored observation, that is, the time of death or latest follow up for a single eye.
Cataract extraction complications
Our vitreous loss rate of 2% in implant eyes and 0% of trabeculectomy eyes is similar to the 0%-12.5% reported in other series. [10] [11] [12] Late corneal decompensation Corneal decompensation after insertion of Molteno implants has been reported, [13] [14] [15] [16] [17] but it has been difficult to define the role of the implant in severely damaged eyes that have already undergone numerous intraocular procedures. The study by McDermott et al of the effect of Molteno implants on corneal endothelial cells showed that correctly placed drainage tubes had no effect on endothelial cell count. 18 In four of the five eyes requiring penetrating keratoplasty in this series, corneal decompensation was associated with pre-existing risk factors or complications unrelated to implant insertion.
Control of IOP
Intraocular pressure control improved in both groups. The results in the trabeculectomy group were similar to those of shorter term studies of phaco-trab in low risk patients. 10 19-23 It is of interest to compare the results of this study with the larger series of primary glaucoma with additional risk factors drained by implants 6 and primary glaucoma drained by trabeculectomy 5 previously reported from this institution. In the case of cataract extraction combined with implants, the behaviour of the IOP was similar to that observed in the larger series of primary glaucoma with risk factors, with most cases showing a progressive fall in IOP and reduction in the need for hypotensive medication. In the case of cataract extraction combined with trabeculectomy the long term outcome was less favourable, with a tendency for the mean IOP to rise after one year. This trend consisted of cases in which drainage improved with time, and others where drainage deteriorated. One major difference between the two procedures was that trabeculectomy gave good results initially which deteriorated with time while implants gave good initial control of IOP which improved with time. Another difference was the need for postoperative hypotensive medication. Trabeculectomy used less medication initially and the proportion requiring medication increased with time, so that after five years the proportion requiring hypotensive medication exceeded that of cases drained by implant.
This series has shown that combined cataract extraction and Molteno implant insertion gave comparable results to phacotrabeculectomy with regard to visual acuity and visual field progression with significantly better long term control of IOP.
